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ABSmCT 


The topographical and hydromorphological relationships 
were estimated for a region in Mbrth India. The streamflow ohservations 
viere available only for a small number of streams. By correlating 
hydrologic characteristics -with physiographic characteristics, it is 
possible to estimate the hydrologic characteristics of ung'agfed" ^ 
watersheds in the region. Since all estimations were carried out 
by using regression analysis it will also indicate the confidence 
intervals for any hydrologic estimate derived from regression 
relationships, thus indicating the reliability of enplri^l estimations. 
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CHAPIER 1 


1.1 GEffiRAL 


INTRODUCTION 


1.1.1 Hydrologic Characteristics of Basins: Some of the important 
lydrologic factors characterising river basins are mnoff , peak 
discharg^sediment and groundwater. Runoff is that pert of precipitation 
vfeich. appears in surface streams in either peremdal or internrLttant 
form. According to Chow ( 1 )* runoff of a watershed may be classified 
as surface runoff, substirface mnoff and groundwater runoff. Surface 
runoff is a part of total runoff lAiich travels over the ground surface 
or through a channel to reach the basin outlet immediately after the 
rain. Subsurface minoff is also a part of the precipitationj but whidi 
infiltrates through the soil mass and moves laterally above the main 
groundwater toward the streams. Groundwater minoff occurs due to 
deeper pei*colation of infiltrated xjater which has passed into ■file 
groundxjater and which subsequently discharges into the stream • 
Generally two aspects of streamfLow (10, 17,18) are 
inposftant in hydrologic design and thoy are re^^ctiveiy : a. total 
runoff and b . peak runoff.- StreamfLow' hydrographs (1, 9) are 
useful for estimating the total amount of water available and its 
variability j and to determine when irrigation, poijer and other demands 
aie to be nietj whether diversion alone is satisfactory -.-or vAfisther 


storage is also required, and, .Tiien s'tomge is required, the storage 

second* . i^ ^ « 

to be provided to meet the demands. The/a^ect/of floods w^re, if 

data are available for a long time i»riod, one may use ( 1, 21,26) 


* Niimbers refer to entries in the I4.st of ^ferences 
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statislicaL methods and frequency analysis of flood peaks or else use 
physical concept and unit hydrograph or other similar procedures. 

Sediment ( 1 , 18) is defined as the amount of loose 
soil particles or debris, found on the bottom or sides of a ri-ver , 
channel etc. vdiich has a capacity to move along with the running 
water th an ocean, a river or a channel. Gravity provides the force by 
which both excess water and movable debris are bro^ught from higher to 
lower elevation. Ihe important factor in considering sediment in a 
hydrological design scheme is to protect the dams and barrages from 
erosion and deposition. Ihe foUoring problem usually arises with 
respect to the sedimentt Given a drainage area and a cross-section of 
its stream channel, how can' the rate of sediment load passing thfo'ugh 
this cross-section, be predicted and described as a function of hydrome- 
teorological ard physiographic characteristics of the basing Groundwater 
( 1, 9 ) is water beneath the soil surface where voids in the soil mass 
are saturated with water at or above otiaospberic pressure | Excess water 
causes high percolation rate and subsequently passes into the ocean or 
stream. Ihis study does not deal with sediments or grouaiTOter. 

1.1,2 Streamflow Datai In order that hydrologic design can be 
done well, it is necessary to have reliable data of sufficiently long length. 
For stream flow the general practice is to observe the stream gauge data 
and using apprapiate rating curves, estimate the corresponding discharge 

data. The stage data can be observed at discrete intervals of time , say, 

/ 

onc 3 e a day or so^ or else recorded aatoioaticaHy by a self recordir:ig 
streaiii gauge • The discharge daia obtained froni stage data can then 
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be used for various hydrologic analypee«5 ; for exa3ig)le, the streamflow 
data can be analysed directly to estimate the statis-tical variations 
and parameters ; these may be used to estimate the availability ard 
variability of surface runoff by using mass curve analysis, sequent 
peak alogrithm etc. The volume of storage necessary to meet any 
particular demand may also be estimated, ii correlation between rainfall 
and runoff may be established by hydrologic simulation models, by unit 
hydrograph procedure/ltc .j and from the observed peak discharges, a 
frequency analysis of flood peaks may be performed for estimating the 
design flood. 

1.1.3 Hydrologic Analysis With limited or ilo Data : It is • 
possible that streamflow data are not available for basins under 
consideration and if they are available the data are not of sufficient 
length. In such cases it becomes xaperative to estimate runoff data 
by empirical procedures( 2 , 9 ) . 

The runoff data may be considered to be a purely random 
variable and in case the parameters are known, it is possible to 
define the confidence interval for specified levels of probability. 

It may however be noted, as indicated by Chow ( 2 ), that runoff from 
a drainage basin is a product ^f a hydrologic cycle influenced by two 
major groups of factors, hamely, climatic factors and physiographic 
factors. Climatic factors include mainly the effect of rain, snow and 
evapotranspiration all of which exhibit seasonal changes in accordance 
with the climatic environment, physiographic factors me,y be fxirther 
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classified into two kinds; basin characteristics and chanrel 

f ' 

characteristics. Basin characteristics Inclndes such factors as 

size, shape and slope of drainage area, permeability and capaci'ty of 

g3X)undwater re serviors, presence of lakes and swamps, land use etc, 

Channel charactertsticZ)are related mostly to hydraulic properties of 

the channel idiich govern the movement and configuration of flood waves 

and develop the storage capacity. 

Empirical correlation between climatic and physiographic 

factors, on the one hand, and streamflow data^ on the other hand, has 

been used for quite a long time by hydrologists . A brief description 

of some of the empirical procedures are indicated below. 

and 

i) Daily, seasonal, y'annual runoff have been correlated with req)eotive 
rainfalls, as in the case of Strange's table, Barlow's curves, etc. (^) • 

ii) The runoff from or total runoff from a basin is estimated from 

climatic factors, for example Khoslals formula (2,v9 ^ as follows; 

T-32 


9,5 ^ • 1 

where E is the annual runoff in inches; T is the mean tenp, in degree 
Fahrenheit, and P is the annual rainfall in inches# 

iii) Ihe runoff data or groundwater recharge are related to the 
climatic factors by co-axial correlation relationship ( 1, 9), 

iv) Iho peak runoff for a basin is estimated in terms of llie area by 
the Byve's formula, Dicken's for m ula etc. ( 2, 9), F^r example Ryve's 
fonmila is given as 
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in vdiich, '6= 


local co-efficient depending on the rainfall, soil and slope 
* 
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of the areaj and A*=Catchinent area. 

Dicken’ s formula is given as 
. 0.75 

Q=C.A 3 

in which C and A are as defined above. 

v) Mere conplicated empirical relationship between the peak flow of 
a given frequency and hydrometeorological factors have also been 
established, for example, Murray ( ) recomiasndsthe following formla 

Q= c' (Cp/C3_) (* 6L/Lg)^^. 4 

Q = peak discharge in cusecs* 

A = area of catehment in sq. rnLlea 

L = length of main (longest ) stream in miles from the gauging 
station to periphery of the catchment. 

L^= length along the main stream in miles from near the centre 
of gravity of the catchment area to the gauging site. 

S = ” mean " slope of the main stream in ft./ mile. 


where, 


’S’ is given by the relation S= 


N 


, where N = mmber 


of equal segments into which the 
main stream is divided . 


stream slope in each segnent in 
ft./ mile . 

n II II 

( C / C ) = peaking capability factor ^Aich depends on drainage 
PI 

density « (D^). 

(.61)/ (L_) = shape factor for an individual catchment. 


. * 
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I 

C = a constant -which depends on (i) rainfall- depth- d-uration and 
frequency (ii) the ratio of areal to point rainfall for a given area and 
(iii) infiltration rate . 

Some of the drawbacks of empirical relationdaips are i) the relationship 

is to be Established for each region, ii) the parame^s pertaining to 

a region are to be estimated from data available for that region, and , 

are 

iii) the relations hipf eo established / a purely empirical, they are 
subject to error and hence the error limits are also to be defined 
Triienever possible. 

1.1.4 Landforms ; The landform at any place is regarded ( 3,11,13,25) 
as ii) the formation of soil and effect of climate on soil, and, (ii) the 
effect of water and climate on soil • The first factor by'' vhich landforms 
occur is due to the processes of disintegration on rocks.. The disintegration 
process is duo to climatic variations and natural causes. When precipitation 
oc emirs on the disintegrated rock masses they settle down gradually due to 
the gravitational pull. The second factor is regarded as the result of 
vjater on the earth through clima-te. When rainfall occurs the excess water 
on the soil mass tends to move laterally from higher elevation to lower 
elevation . Tho pas'sages of water movement on the earth on which rain 
wator follows causes ri-vers, lakes etc. 

It is reasonable to assume (3,13) that the pattern of channel 
itself is formed by flows which apply sufficient force to mould: ’th®.. cb^HEiel 
'v. - ’ and are also retained -within the channel, rather than by those 
-ufcich occupy the entire cross- section of a valley during periods of flood. 
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In many rivers it has been studied that the bankftll storage recurs once in 
each year or once in every two years on the average. Mditional observations 
indicate that the cross- section of a straight reach of a channel is 
adjusted to a range of discharges which provide'' a shear stress balanced 
by the resistance of the banks, i meandering channel migrates both across 
and down its allu'vial plain. The stability of the meandering channel is a 
function of the shear stress on th® outer bark and of the associated 
deposition on the inner or convex bank. 

Gullios, a channel worn by water, .ere tributaries formed or 
enlarged due to catastropic flood in every climate and physiographic 
environment. During this ca'tastropio rare flood, major changes in channel 
direction and form occur regularly, particularly in the semi arid and 
humid regions. In a aemiarid physiographic region the familiar sequence 
of draught, forest fires, floods, erosion and landslides illustrate the 
significance of particular combination of climatic events in geomorphic 
process. 

It has been observed in many rills or streams that water 
flows without any of the water flowing to it over the land surface. It 
happens due to the fact that all the rainfall apparently infiltrates into 
the soil and this rain water moves laterally through the soil. Under this 
circumstance thswater does not carry much sedAn^nt, Whateirer mineral moves 
down the rills must be excavated from the lills* Another possibility is 
that the mass movement tends to na^w the rill and water flow keeps the 
channel in equilibriun with the soil creep. Considering the large amounts 
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of mineral carried in solution in this clime tic region, it is quite 
possible that the reduction of the rill proceeds primarily by weathering 
and export of weathering product solution. In limestone terrain the 
rate of solution is perhaps more easily accepted* Nevertheless in both 
the cases solution plays a significant role in evolution of features of 
landscape and individual catastropic events are probably of relatively 
little importanile. 

It has been observed that a large river may be divided into 
a numbers of small streams* According to Iforton, as modified by 
Strahler (2*^-), the smallest streams of a given river basin is called 
first order stream, When two first order streams meet, a second order 
stream is formedj when two second order streams join, a stream of third 
order is formed and so on. Horton, SBtrahler and others (10,22,23,24) 
defined vaidais goomoiphologioal parameters of a river basin. 

As the soil and landform are moulded by the environment 

and particularly l::ydrologic cycle, the hydrologic characteristics of 

the basin and the geomorphological characterdstics of the basin should 

be closely related. Hence vhen hydrologic data are scarce it may be 

possible to establish. '' correlation between available hydrologic and 

geomoirphologic data. 'Ffom known geomorphological characterdstics, 

estimation of hydrologic characteristics of basin without data can then 

be done. Correlation i/jith geomorphologic parameters may be moie n^aning- 

f iill than with single physiographic paramaters like area. [Dae estimation 

s 

of geomorphologic characteristic /re quires 1 inch = 1 mile toposheet. 

They are not available for study . Hence in this study it is proposed 
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to correlate hydrologic characteristics only xidth relevant physiographic 
characteristics for which data are available , 

1.2 . Objective of the Study V 

The objective of the study is to study for a specified 
regionj a . the relationships bet-xjeen the topographic parameters like 
lengthy area etc. b,. the relationships:.‘bBtwGon topographic and hydrologies] 
characteii' sties, particularly between i) area and average annual monsoon 
runoff, and ii) area and average annual peak flood. 

1.3 Significance of the Study: 

1. For a region in Worth India topographic relationships are 

d 

being estimate/ perhaps for the first tins. 

2. , The stream flow observations are available only for a pall 

number of streams. By correlating hydrologic charact©r4sti,ps 
\d.th physiographic characteristics, it is possible to 
estimate the hydrolo,gic characte.rL sties of ungauged watersheds 
in the region. 

3. Since regression relationships are used, they will also 
indicate the confidence interval for any hydrologic estimate 

derived from regression hselationshipSj thus indicating the 
reliability of enpirical estimation. 

1.4 Scope of the Study: 

!&io scope of the study is limited to iiie following: 

1. 1 inch = 1 mile maps are needed fot estimating geomorpholo- 

cal paramaters of the basin. Since they are not available 
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for the study, only topographical characteristics that are 
avilable are used in the study. 

2. Topographic data were available for 63 basins. They were all 
used in deriving the relationship between catchuent area ■ and 
length of stream . 

3. r^ydro logic data were available only for 12 stations. Hence 

hydromorphological relationships can be derived only on the 
basis of these limit '.'.d data. . 

4. As only around six years of seasonal runoff data and -annual 
peak runoff (daily value) were available, the runoff paraiueters 
studied are respectively average anno^l monsoon runoff and 
average annual peak runoff calculated from the limited data 
for r, round six years. 

1,5 Details of the Report, 

The report ie presented in the following sequences 

1, As the study uses regesa^ion analysis extensively^ simple and 
multiple linear regression and correlation analyses are briefly 

ddeerlted ( Chapter - 2 ), 

2, Geomorphological characteyatics of a basin are briefly introduced. 
In the abs^once of data, piiysiographic parameters are used in 

the study. The relationships be t^en length of main channel 
and oatchme'nt area for basin in tte region are derived, Tl^ 
relationships for four subregior^lso are derived ( Chap1®r*3)» 

3, The relationships between basin areas and respectively the 
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average annual monsoon runoff and aperage annual peak flood are 
derived for tte region as a whole and for "two subregions 
(chapter - 4). 

4, The conclusion from this study, suggestions for future 
studies etc. ai^ finally presented ( CJhapter -5), 


i 
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2.1 GENERAL : 


CBiPTEE ~ 2 

REGRESSION ANALYSIS IN HYDROLOGY 


Hydrologic variables are generally random in nature artd hence 
it is possible to analyse their frequency characterfistics and make 
probabilistic prediction. It is sometimes possible that random 
variable Y in which one is interested is functionally related to 
another variable X which can be observed and measured . In this case, 
it is possible to make use of functional relationship between the 
dependent random variable Y and the independent random variable X, 
and to predict much more definitively the confidence interval for Y 
on the basis of the observed value of Z. In the ideal case the fhne— 
tiohali, relationship may be unique , Practically, however, because of 
errors in observation, analysis and approximation in the mathematical 
relationship, there may be some scatter in the actual observatiois 
about the ideal relationship; vhon dependent random variables versus 
indepencfe.nt random variables are plotted on the graph sheet ihe 
diagram obtained is called "the scatter diegramme". ■ It has been 
observed from the scatter diagranme that it is possible to judge 
roughly whether they will follow a straight path or a curviliiK:ar 


path. 



•>, ' .•^1 
‘ » V 

• r-o' 

. ' /'-I 1 ' 






Scatter diagramBe 


Ynst* Fig. 1 Scatter, DiE^ammfe. 



Simple regression 
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By regression (20 ) of Y on X is meant the conditional ejspectation of 

T given X. Thus giv^n X/ the estimate of Y by regression implies the 

average value of YoVOf the interval ( X— # X + vtoere A X 

is a small inteival. Thus Xest/^i ~ "^^^i points suchtaat 

V y\ X 

X, - -r- < X.y X. + n / where -p is the number of points mdJlX 

X ^ 1 ^ 

is sufficiently small so that Y does not vary much over A X and 
large enough to include a large number of points. It should be noted 

that regression of Y on X is gene-rally different from the regression of , ■ 

X on Y. If there is a unique relationship bet-ween Y and X, then all 
observations Tr/illltc on the curvo; otheimse there id-ll be a scatter 
of points about the fitted curve. Correlation refers to the degree of 
association between th® variables. In tiie case of exact functional 

relationship^ there is a perfect association between the varihbles, 

Ihe correlation in the case of scattered points is smaller . Theoretically 

there is zero correlation between independant random variables. 

2,2 Simple end Multiple Linear Regression* 

2.2.1 Simple linear Regressioni Mathoms^tically, sii^ple lihiear 
regression can be written (20 ) as 

Y ~ A + BX 

idiGra Y is dependant random variable; and X is an indbpendant variable^ . 

A and B ore called regression constants or regression co-efficients aBRi 
^ is the error in estimation, 

2.2.2 Multiple Linear Regression ( )*5feen two or more independant 

variables are related with a dependant variable and if the relationdaip be 

linear then the multiple regression equation is obtained as 

Y'*A+B^X^+BgX2+ . • . • + 6 
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■where Y is the dependant random variable, ^ "tb® 

m independant random vriables; Jk, with i = 1,...., m are 
referred to as miltiple regression coeffiecents, and ^ is 'the error 
in estimation. 


Let, Z. riT '-T 6a • and = Y. -Y 6b. 

. ■ ” „ t . ■ ^ t 


\Aiere the sign ” signifies the average of s and T j_ s , Ihen the 
equation to be fitted is 

®2^2. ’***■■• W 6c. 

with Z = Y - Y ' 6d.' 

2.3 Regression Analysis: 

2.3.1 Simple linear Regression inalysisj From 2.2.1, a sinjjle linear 
regression relationship is of the form 

Y “ 1+ BX +6: 5 

(20) Regression analysis consists in estimating the value of A and B 
and the charactere sties of f from observed data, and validatir^ tte 
relationship. Let the sample consist., of N pairs of values (%> Y.) 
with i = 1,2 ...... N and Y^ is the observation corresponding to X^. 


Let 

lest = ^ + BXi_ 7. 

Then the error of estimate ^i = f ^ *• 7a, 

i.e^i = Yj_ - (A + BXi_) 7b . 


where A and B are constants to be determined by a suitable procedure, 
here in, the irethod of .least squares. Method of least ^uares refers 
to the process of obtaining the regression coefficients so that the 
sum of the squared errors ia a minimum. 
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Now 


- .:V=i 0: 


■v* 


( A4fe .\:\ 




Li 


f 

3 


'-■'* 1 - 
2 - — 
If S is to be a mininiam, then, - — -' = 0 and f— Let X and Y 
o ~7>A "'^h 

represent the mean of X^^ s end Y^'s respectively; al»o let. 


7e. 


- X 8 a. andAY,= Y-I 


S3 , 


Hence on applying the aethod of least scares, it can be shovm 'that 


B 


Axi^Y^/ ^ {Aj^y ....9, 


Also 


A= Y - BX 


10 


Hence, from given data of X|^ and y^, T,dth i= 1,2, .......... N; 

B andAmay be estimated fYom equations 9 and 10 respectively in that 
order . 


2.3.2 Correlation: The degree of iieletionslrip that exists between the 
variables Y and X is measured by the correlation coefficient 

/ fyj ^ ^ 

r= ^ X. '^Yjj^ / xV AX j ) ^ (AT. ) . .11 . 

^11 t-’i 

or r= B— 11a. 

where S =. 

X \/i:J ..12. 

V Kj-,i 

• 

The value of r lies between - 1 and + 1. The negative and positive 
signs show that the value of Y respecti^ly decreases or increases 
as X increases. 

2.3.2 Variation About the Regression Line ; According to (21), the 


error f of the estimeite of Y from the actual obaervstions Y. has a 

i 1 

n«Dan value of zero and is measured by its standaoxi deviation which is 
rofejyed to as the standard error of estimate or the standard 

deviation of the residuals Sc> 
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14. 
l4a • 


Consider the variance of y. l/Jhon nothing is known about Xt the variance 
of y is eqnal to ^ . However, for known value of x, the standard error 
of estimate is reduced to The reduction in variance 

is due to tho variance that is accounted for regression. Thus when 

there ia an cpproxinjcte functional relationship betvreen y and x, and 
is known, y can be predicted more accurately i,e with a smaller standard 
error of estimate than otherwise. 


2.3.4 Tests for Significance of Regression Coefficients; The standard 


deviation of the regression coefficient B is given by 


SxVlw 


.16 . 


A t- tost 


using tho statistic iu a 

+ = ~ 'S' 


may be made to test whether tho saniple estimate B is significantly 
different from a population value /S , at the given significance level 


with N —2 degareos of freedom. 


given by 
where ‘X 


Fbr the intercept A. the standarised normal variable is 



is the populction value of tho intercept For a given oonfixi- 


enc^evol, the significance of the difference between A and cK can be ^ 
tested. In the absence of any other information <?( and ^ ere generally 


assumed to be ssero. 

2.3.5 Simple feponential Itegretssionj Consider an equation of the 
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lorm JB A B •■LogT 

U = CTT 10 = 10 Ip' 17* 

vAiere U,7 are respectively dependent random variable and indepencb.ot 

variable, C, B are constants, and., i^is the term for measuring error in 

is 

estimate. The above equatior/i?ef erred to as a simple exponential 
equation, jt can be transformed to a linear equation by taking logari- 
thm on both sides 

Log TJ = Log C + B Log V ■*■(: 18, 

Let us assume. Log U = T, Log V = Z ; and Log C= A 

Hence the above equation can be expressed as a simple linear regression 
equation 

J = A+BI+(: 5, 

Klnimisir^ the sRim of the squares of deviation of Y £rom Ygg..(; "the 
regressicMi coefficients & and B can be calculated as before. This 
is equivalent to minimisation of the sum of relative errors for the 
original variable U. , . 

2.3.6 Confidence Bandsj The confidence interval is defined (l) as an 
interval around the computed value within which a given percentage of 
values of a large number of saiqjles is expected to fall. The confidence 
interval^ for example, at 90^ level means that <mt of lOQ sairples of 
equal size, it is expected that 90 percent values of a parameter would 
be inside that interval. TIb confidence limits define the boundaries 

of the confidence interval. If the- cc^Hited parameter falls iimde 
the selected confidence limits it is considered to be not significantly 
different from the assumed populations valne at the given level of 
confidence. The selection of level is made either by eanvention or by 
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judgement. 

In hydrology, the limits are generally chosen aromd 90 
or 95 percent. IctuaHy, the errors are t - distributed. However, 
assundng a large sample size and normal distribution of errors. The 
confidence interval is given approscimately by ± 1.640^^0^ ^ 0 % 


confidence level i.e 

Prob ( - 1. 64sS7^<(^<^ 1. 64se) = 90^ 19. 

Therefore, Y = A + BX 1 1.64<54 ^20. 

i.e Prob ( A + BX - + BX + 1.646^) = 90;;^ ..... 21 . 


In case the actual relationship is ejjponential, say equation 17 ^ 
then the corresponding 90^ confidence interval will be 

( CV® 10 “ <( CY® lO'*’ 22. 

2.3.7 Steps in Linear Regression and Correlation Analysis: The, 
following , are the steps in linear regression analyse : 

i. Scatter diagrammo can be prepared from given hydrologic 
data. 

ii. From the scatter diagramme, the type of relationship between 
the variables can be ascertained . 
iii* Transformation procedures can be used if necessary to 

transform the variables so. that a linear regression may 
be used. - 

iv. Computations can be made, a». for the basic measures 
describing the linear relationship' and b* for naking 
required forecast estimates^ and finally the confidence 
interval may be derived. 
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2.3.8 Lindt ationsof Hegression Analysis: Regression analysis is 
based on a number of assumptions. Some of the major assumptions ( 20 ) 
are presented here, 

i. The independent variables are measured viithout any error, 

ii. The errors for the different observation are statistically 
independant . 

iii. The probability distributions of all variables and errors 
are normal distributions. 

iv. The variance of the error is approximately constant and is 
independeaab of the variables. 

2.3.9 Conclusion; In this chapter (20) only basic concepts and melitods 

of simple linear regression and correlation analy^*‘s have been briefly 

de. scribed. Regression analysis may be used to estimate mssing 

for 

hydrologic data and/extending smaller length of records on the basis 
of longer records of a adjacent stations or related phenomenaj for 
empirically estimating the variability of hydrologic parameters and. 
subsequently making fore casts for ungauged basins. 
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CHAPTER - 3 

GEO MORPHOLOGICAL RELATIOI-ISIIPS 


3.1 IMTBiOnJCTION : 

(Jiantitative geomorphologicaL analysis (1,2,3) deals 
with measuring and quantitatively defining physical characteristics 
of a drainage basin. Tv7o general classes of descriptive numbers are 
i. linear scale measurements whereby geometrically analogous units 
of topography can be compared as to size; and ii. dimensionless 
numbers, usually angles or ratios of length measures, vjhereby the 
shapes of analogous units can be compared irrespective of scale. 
Systematic description of the geometry of a drainage basin and its 
stream channel system requires measurement of linear aspects of the 
drainage networks, areal aspects of the drainage basin, and relief 
( gradient )aapects of channel network and c ontributiti^ groundslopes * 

The first two categories of measurement are planimptric, whereas the 
third category treats the vertical inequalities of the drainage basin 
forms. - 

The physical laws of mechanics and hydraulics \mice used by 
Horton in a pioneering and' comprehensive study (8). Ifere Horton revealed, 
a consistent pattern under vjhich stream systems develop and to which 
they continually adjust, B 2 showed that the nunher of streams, the 
length of streams and slopes of streams were all related consistently 
to stream order through any exiatir^ stream system. later revisions 
to the Horton stream orderir^ ^stem were made by Strahler (24). The 
spallest fir^ertip tributaries are designated as first order stream. 
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When two first order streams join a channel segment of second 
order is obtained; where two second order streams join, a ^gment 
of third order is formed and so on. Horton also showed that the 

order number of any particular stream is directly proportional to 
the relative watershed dimensions, channel si2e and stream discharge 
at that particular stream, ife also defined bifurcation ratio as 
the ratio of the number *of stream segments at a particular order to 
the ntimber of stream segments in the next hig^her order* From -this 
he derived that the number of stream segments of each orde:^orm 
an inverse geometric sequence with the other mmber, 

Horton postulated that the length ratio vdaich is defined ' , 
as tto ratio of mean length liu of segment of oMer u to mean length of 
segment of the next lower oixier Lu-l tends to be a constant thatitjghout 
the successive orders of a watershed. Ife was, therefore, afel© to ^#tate 
the law of stream lengths, that the mean length of stream segamt of 
each of the successive orders of a basin tend to appasoximate a direct 

■M ' ' 

geometric sequence in wlich the first term is the average length of 

.,#■ , ■ ■ I ■ 

segments Qf the first orders ^ ^ 

If the law of stream lengths is valid, a plot of logerithiii ' 

length (oitttnata) as a function of stream order (abscisiro’)' shouW ;• 
yield a set of points lying essentially along a straight line* As vri-th 
the law of stream mmber, the law of stream length is essaiitiaily an 
exponential function defined only for integer values of indepehdeiifc 
variable • Assuming the validity of the laws of stream lengthp and basin 
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areas^ in which both properties are related by an exponential function 
with order, length should related to area by a power function, 

MDrisawa (16) plotted both logarithm of mean stream length and logarithm 

of cWwmiLative length against logarithm of basin area for each order of 

#■ 

representative basins of Appalachian Plateau Province, obtaining highly 
linear relationships. Area of a given watershed or drainage basin, a 
property of the square of length is a prime determinant of total lainoff and 
sediment yield and is normally eUMnated as a variable by redu6tion 
to unit area, as in annual sediment loss in acre ft /sq .mile in F.P.S, 
system. 

Draiallage density is defined as the ratio of the total stream 
length to the 'Jias-in area. It can be regarded as the prime indicator 
for linear scale nffiasurement of land form elements in stream eroded 
topography. It be thought as an esjpression of the closeness of 
spacing of elemfrnts. In general low drs^iala^e density is as^ciated 
with regions of highly resistant or highly permeable sub-soil 
materials under dense vagetative cover, and ■vdiere relief is low. High 
drainage is favoured in regions of weak or impemeable subsurface 
material, sparse vegetation and mountaineous relief. 

Another gsomorphologioal parameter is relief from which 
SchuDan (^2) found that sediment loss/ unit area is closely correlated 
with relief ratio.’, Also others (10 ) sho’wed that the ratio yielded 
a higher correlation, with sediment delivejy ra'te then did relief ard ■■ 
length related variables. It was also shoiissi that relief ratio may 
pro’ve useful in estimating sediment yield if the appropiia'te parameters 
for a gi’VBn cliaatLc province are onc^stablished . pforeover, it ga've 
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a much close correletion than did other individually treated 
geometrical factors of length with ratio of basin, sedinKnt contri- 
buting area, basin relief alone or average landscape, 

its the soil and landform are moialded by the enviroment 
and particularly by the hydrologic cycle, the hydrologic characteri- 
stics of the basin and the geomorpholigic characteristics of the 
basin should be closely relatedr. Hence when hydrologic data are 
scarce it may be possible to establish a correlation between available 
hydrologic and geomorphologic data for basins in ary region and use it 
for estimating iydrologic characterjbtics of basins in the same region 
vdth limited or no data, 

3,2 DATA AVAIL&BIEs- 

The following data have been collected for the study, 
a . Topographic Data j . 

i. 1 inch =8 miles map of a region in North India with 
a contour interval of 10 meters, and, 

ii, lengths of inain channel and area of 63 basins in tte 
above regioni 

b, IJydrologic Data;- The following stream flow data are available 
for .^12 basins in the above r^ion, 

i. Daily discharge data String the monsoon season 
the year of 1968 to 1973, 

ii. Total discharge in the mdnsoon season from 1968 to 

1973j and, ' 

iii • Maximm discharge in the monsoon period from 1968 to 
1973, ■ 
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.3 RMi&TIOJJSHIP BETWEEN THE CATCHiyENI' AREA AND THE STREAM IfiMlTH. 

Toposheets to the scale of 1 inch = 1 nile are necessary 

.,<T' 

for estimation of gemorphological characteristics. They are not avai- 
lable, ' Hence it is proposelto nse the length of main channslji^na* the 
watershed area/as the topographic charactent sties of the basins. It 
is proposed to study the statistical relationship, if any, between 
the length of the main channel/and the area the basin using 

the data for all the 63 basins. As mentioned in Sec. 3,1, the 

ly 

following equation gerisral/ holds good; 

= CL^ .....24. 

where C and n are en^iirical constants. Hence, using logaritlaaic 
trar^ormation, the above equation can be linearized to 

IjQg = Log C + n LogL. 25. 

TJsing the procedure indicated in chapter 2, it is possible to estimate 
the regression coefficents logo and^ in the above equation, 

3,3.1 Analysis for the Over'aU Region: The data and the results of 
analysis for estimating the relationship between the basin area and 
charnel length are indicated in Table 1, Columnl indicates the serial 
number of draniage basins; the second column indicates the code 
letter for basins which depends on the sub- region to which the basin 
belongs; and columns 5 and 6 indicate the logarithmns of drainage 
area and length re^ectively, denoted by 1 and X* Let the 

deviation from the means of T and X be respectivelyi^y and namely 

I = X - X = X “ X; columns 7 and 8 contain??! and silX. It may be 
noted that the sum of the A Y and Ax should respectively be equal 
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to zero, e^ipect for any roundoff error in Galculating the means. 

Columns 9, 10 and 11 respectively contain the values of cross-prdduets 

and the squares of and -Z. The last row gives, the sum 6f 

all the values in given column. 

From the tabular values the coefficients of regression 

equation can be obtained. The correlation coeffient, standard error of 

estimate are also be computed from it. 

The sane procedure has to be carried out for all the sub- 

regions separately., T/jith the results thus obtained, a conpa native study 

a 

has to be aede so as to determine whether all sub-re gionyare Significa- 
ntly different from the over all region at some predefined^ say %% 
confidence level* 





REGRESSION AN4LYSIS BETWEEN STREAM LENGTH AND GATCHi^NT AREA (O’TERALL REGION). 
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3,3*1 Analysis fox 0ver«-«ll legion. 

R?oin Table 1. the following results can be obtained 
i » 1.0654. f =? 1.5415; aT = 13.1746; 5 ( ZlX)^ = 10.6197; 

T ( )2 = 19.0206 . 

ifence from eqs. 9 and 10, A = 0.1945; B = 1.242; 

WlKither the coefficient A is significantly different from<?C= 0, is 
tested by using eqs. 16 with the help of sqa, 11 and 12, From eq,16, 
t _4 « 2.603. But tgo^. , = 1.2956. Hence tj^y tgQcg. eid.f.* 

shows that A is significantly different from ssero at 90^ confidence 
leirel, 

Haettor the coefficient B is significantly different from^*= 0/is 
tested by using eqs. 12, 14, 15 and 15a«, t^ = 173, lAddi is obvio- 
usly greater than the value of tgQcj. gid.f, * 

Hence, B is significantly different from zero at 90^ confidence level. 

Further from eq. 11, the value of correlation coefficient 
r = 0.9055; But, eid.f. “ 0#250* Hence the value of r is signi- 

ficant at 9056 confidence level. 

Again, from eq. 14, Se = 0»2369. Therefore regression equation for 
over-all region is given by 

1#242 

Log ^ 0al945 + 1#242 Logl#* Honco ~ #♦•26*.. 

From eq. 22, tho 905^ confidence bands can be estimated as follows; 

Prob ( 0.6396L^* ^ "^d ^ 3i.829L ) “ 90^ 27.. 

A ll tho above results are also shown in Pig. 2. 
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3*3#2»1 Sibregion The data and calculations for subregion 1 ..are 
shown in Table ~ 2* Erom Tabid — the following results can be 
obtained. 

X =» 1.2CB6 • I = 1.6152 j = 4.0945 ; 2 ( Ax)^«2.37e8; 

2 (Atf = 8.3773. 

Tberefore froa eqs. 9 and 10, i = -0.4658 ; B = 1.723. 

1 1 

’SfJhether the coefficient is significantly different fPoaO( *0.1945, 

is tested using eq. 16 with the help of eqs. 11 and 12. Prom eq.l6 

t.»1.68. But t_ . = 1.31fi3. Therefore t, > t^^ o,-, ^ 

^ 90% >25d.f. \ 90% j35d*fv, 

'(Aioh shows that is signifLcairtily different froffio( =0.1945 at 9C% 

confidence level. 

Whether the coefficient B significantly different from =1,242, is 


tested by using eqs. 12, 14, 15, 15 . Prom eq. 15 




= 16.28 


which is obvious!^’', greater than the value of t lienee 

y 2oq«2l# 

j^.ie significantly different from/^= 1.242 at 90% ccaafidencel level • 

< Further, from eq. 11, tbs value of correlation coefficient, 


r =0.9175, But r, 




‘'90% •25d.f. “ 0.381. Therefore the value of r is also 
significantly different from zero at 90% confidence lave. 

Using eq. 14, iiie value of standard epror of estimate Se = 0.2344, 
Therefore regression equation for stdbregion 1 is Log .«»^ * -0. 468+1. 723L. 

or, = 0.3442L --58. 

Prom eq. 22 the 90% confidence bands can be estimated in the following 
way • 


Prob ( 0.1420L^*'^^^< A,<0.8345L^''^2^)= 90% ... 
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The regression equation and the confidence intervals are shown in 
Fig. 3. 
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Hence, A = 0*1945 and.B = 1*242, as for the overall region seems to be . ..sfitisfactory at 
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3 .3.2^ . Subtegion 3t The data and calculations for subregion 3 
are shown in'lfe^ije .4:V from f«bl© -4. the following results can be 
obtained 

t “ 1*52732} f = l*93il6} XAI * 0*07173} ^ ( ^ )^=0.2512} 

2. (AY f = 0.1271; 

Hence, from eqs* 9 and 10, .1^= 1*4952; ■ ® 0.2857; 

^jhether the coefficient A_ is sigaaificantly different froffi<X“' 0.1945, 
is tested by using eq. 16 with the help of eqs* 11 and 12 . Iit>m eqs*l 6 , 
t^ = 2.207. But tgQ^. 3 ^.f.» 1.6377. Hence > -bgo^.Sdwf.^ 
shows that A_ is significantly different from^= 0*1945 at 9C^ 

, ^ . i 

confidence level. 

Aether the coefficient B 3 is signifieantiy different from =1 *-242, 
is tested by using eqs. 12,14,15 and 15a* From eq* 15a* tgj»2.557, 
^toh is greater than the value of Therefore B^ is 

different from A = 1*242 at 90^ confidence level., 
from eq. Hi' the value of correlation coefficient, r=0*4015; 
^9^-Sd*f»“ 0*878* Hence the value of r is not significant at 
9056 confidence level. 

using eq* 14, the value of standard error of setiiiate,Se = 0*2369. 
Therefore, regression equation for subr^ion 3, 0»2857 

Log 1.4952 +0.2857logL, or 1^ =31 »27L 

confidence bands can be estimated as follows: 

0*2857, 


From eq. 22, the 


0*2857 . X _ 

Prob (15.27L < A^<^ 64*07L ) 


.:3l. 


*99 


ttie above results are also shown in Fig* 5 * It may be noted that in 
tte case of subregion ^ the confidence interval is very wide compared 
to others. This may^-cause of the small number of sample points available 

for regression analysis. 
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Stream length, L, .i 

REGRESSION RELATIONSHIP BETWEEN CATCHMENT 
AND STREAMLENGTH (Su b region - 6 ) 
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3. 3 .2. 4 Subiegion 4. The data and calcuations for subregicm 4 are 

snown in Prom TabLe — 5» the following results are obtained 

1 s: 1.15993; 1.7458; < AZ *1.5311; 

^{4X = 1.9053. • 

HencB from eqs. 9 and 10, A- * 0.7935; B = 0.8210. 

4 4 

Whether the eoefffedlent A, is agnificantly eifferent fromCi( =0*1945, is 

4 

tested by using eq. 16 with the help of eqs, 11 and 12, From ©q.l 6 

^4 “ lOd.f." Jfence iod.f.» 

lAiich shows that 8413 signifiGantly different from zero at 90^ 

confidence level. 

Further, from eq* 11, the value of correlation coefficient, r=0*6923* 
'^arxef irv^ -p " 0.576, Hence the • value of r is also significant 
at 9C^ Level. 

From eq. 14, the value of standard error of estimate, Se * 0.2955. 


Ifence, the regression equation for the subregion D is given by , 

0.8210 


34 , 


Log = 0.7985 + 0.8210 LogL. or, =6,2011 
i confidence bands can be estimates 

V / 0.8210. 

< A^<.1B.92L ):90Sb . 


Using equation 22, the 90% confidence bands can be estimated as 

0,8210 

foUowss prob (2.03L V 

All the above results are also shown in Fig. 6 , 
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3>3»3 Discussion of Re^iltsj ®?oai the results of sxibaectioii 3»3«2, 
it is se^ that only for subregion 2 the relationship is not significantly 
different at 90^ confidence level from that for the overallregion and 
those for regions l,3and 4 aie significantly different at 9056 confidence, 
level from that for the overall region* Ifence the relatioru^ip for 
subregion 8 also is derived from its own data. 

It is seen that an e^onential relationship of the form 

n , , 

~ C L , can be fitted for basins in the iregion. However each 

subregion has a (M-fferent relationship and different confidence bands, 

and the results are listed belowj 

aibregion : 

Subregion t 

’ Sotoregioas 
J^biregion: 


1 1 723 1.723 / / 1.723 

^ = 0.3442L j Prob ( 0.1420L A^^0.8345L ) 

« 90^. 

2 =1,56661.^ Prob (0.63961,^*^°^^ 


3 = 31.87L 


0.2857 


9056 
.0.2857, 


Ua^oOr /■ / w 4 

j prob (15.27L / A^/ ®4.07L ) 

?= 90 ^. 


0.8210 , 0.8210 
4 = e,201L J Prob (2.03L 






CaiPTER -i 4 . 

H3a)ROM2iPaDLOGICAL RBUTIONSHIPS 

1 GENERAL. 

Generally hydrologic data are nol available for large nantoer 

and 

of basins, but topographical/geomorphological data erre available. 

Since the physiographic characteristic s of a basin are deperytent on 
hydrologic charactej^tics of the environtwnt to vhich it is exposed 
is, reaajnable to expect some relationship betvreen hydrologic and 
plgrsiographlc characteafi sties , In general, such relationships can 
be established on the basis of limited av^lable data concerning :;both 
hydrolcgic and physiographic characteristics. For exanple, for the 
region iinder consideration, streamfLow data ara available only for 
12 basins and that too for aroiand 6 years. Da case it is possible to 
establish hydromorphological relationship^- it will then be possible 
to estimate the hydrologic characteristics of basins without data 
from the available topographic data and the fcydromorphological 
xislation^aips 

VB,teout loss of generality it is proposed to use the area 
of the basins „ as the topographic characteristic 

in deriving enpirical relationships. Since only six years of daily 
streamflow data dioring monsoon period are available for the basin 
the l^'drologic characteristics to be studied as follows: i» T3ie 
average annual monsoon runoff : . and , ii* Ihe average 

annual peak runofi^ . - 

It has been indicated in. subsections 1.1.3 and 3.1, that 
relationships between the discharge and the drainage area are generally 
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S 

of the form, C^R A ...... 36,, i^ere R and S are empirical 

d 

constants to be determined by regression analysis. Hack (6) plotted 

in in 

average disdiaige ycfs* against drainage basin area y'sq, miles on 

logarit&imic paper for all gattgtng stations in the Potomac River 

basin and fitted a regression line with an exponenfcof 1.0, \iiich shows 

that discharge is directly proportional to the drainage area* Prom this, 

he conclnded that studies of relationship of basin area with respect to 

other variables such as, order, channel slope, channel width and 

stream length would apiiy by direct propoida-onality to average annual 

discharge as 

Leopold and Miller (12) showed that for the OAutral Ifew ffexico 
region, the disdiaige -area relationship can be best be described by the 
equation, 

0.79 _ . 

^ = 12A ............ 37., where xs the average 

; ' in 

annual pealcs flood discharges, /fs . and,' is drainage area in square 
miles. They ■vrere then able to combine the discharge area graph with an 
order area graph to show the relationship of discharge to stream order* 

A similar relationship has been observed between the peak flood and the 
drainage area for, e.g, ^ Eyvet s formula, Dickens formula (2,9) etc. 

Ifence it is proposed to investigate whether exponential relationships 

indicated above can be derived for the basins in the region. As adequate 
data ar^ot available for subregions 2 and 3, it is proposed to derive 
the relationships bfaly for subregions 1 and 4, 


3.59825; t=2, 02985 
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1.025 


Q =3-2 56 Ad 


C atchment area , Ad, . 

FIG. 7 RELATIONSHIP BETWEEN Av. ANNUAL MONSOON 
AND CATCHMENT ARE A.(Overall region) 
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4.2 REL&TIONSilP BETWEBN THE CATCHMEMT AREA AM) THE AYEffUGB 

ANMIAL i®4aomL DISCHASGE. 


4.2.1 Qonerals The aver€ge anmal seaoonal discharge data eorre speeding 

to the catchment area are ploted on the double log- papers 

(Eig» 7). The discharge data are ploted on the Ordinate and the 
catchment area on the abscissa. Before doing analysis tabular charts 
similar to Tabie** 1, with slight changes i.e columns3 and 4 indicate 
average annual discharge and catchment area respectively, whereas, 
ooluimas 5 and 6 represent logarithmie values of discharge and catchment 
area respectively, have been prepared for overall region ©Dntaining sub- 
regions 1 and 4, and for the subregions 1 dnd 4 respectively . Ihe 
above are given in Tal£Lea-6,7 and 8 ie^)ectively . ^ 

Since catchoent area end stream length shew- a direct relationship 
between themself 9 sonly catchment area is taken as a geomorphologic 
parameter to obtain relationships with hydrologic parameters. 

4.2.2 Amlyais for over all Region; From Table- 6 , the followii^ results 
can be obtained X == 2,02485j Y=3. 59825; T^-/^xAY = 1.71544; 

■^ ( A Y)^ = 5.7402; 2(AX)^= 1.6730. 


Hence from eqs, 9 and 10, A = 1.5173 ; B=1.025, 

Whether the coefficient A is significantly different fromCK. =D, is 
tested by using eqi 16, with the help of eqs. H and 12. From eq.l 6 , 
t^= 1.452, but '-lOci.f,” 1«3772. Hence t^*^ lAdch 

shows that A is significantly different fromO^= 0 at 90% confidence 


level 
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Tiflaether the coefficient B is signific a rifely different from^ »0 is 
tested ty using eqs. 12, 14, 15 , 15a* Ifence from eq. 15a, 
tg = 3.39, but tgQjg.j^O^ ^ 1 -^= 1.3772* Hence tg which 
shows that B is significantly different frorn^^ =0 at 9056 confidence 
level* 

Barfeher, from eq. 11, the value of correlation coefficient, r»0,5400. 
Hu.'t ^90^JlOd.f« * 0.576; therefore, the value of r is not signifi.cant 
at 9(156 confidence level. • 

Again from eq. 14, the standard error of estimate,' Se* 0.6163, 

There-ifore regression eqmtion for overall region is given by 

1,025 _ 

Log Q = 1.5173 + 1.025 Log ,A . Or Q = 32*91 .....* 58 

d a 

fromeq. 22, the 90/6 confidence bands can be estimated as fbllQws; 

Prob ( 3.256 Q ^336.7 A^^*°^)=9056 ,.....*.,.^ 39 

All the above results are shewn in Tig. 7, 




lliBIiB - ?* REGRESS- ION IMLXSIS BETWEEN .4 VERaOB ^NMTAI» MDNSOON RNNOEP AND CATCHMENT AREA 



CatehFfl^nt, 


REGRESSION Ret AT 
DISCHARGE AND:Cj 
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Analysis for Sabregions: 

4«2,3»1 Subregion It Ih.e data and the calculations for this 
subregion are shown in TaSte - 7« Ji'omjabl* -7, the following results 
are obtained 


i = 2^7957; Y = 3.7700; 2 AX Al= 0.9013; 3.3915;. 

0.56658. 

Hence from eqs* 9 and 10, A = 0.461 and B. = 1.591. 

1 ^ . 

Ijhether the coefficient is significantly different fromO(= 1,617, 
is tested by using eq. 16, with the help of eqs, 11 and 12. From 
eq. 16, 0.6531. But = 1.4769. Hsuce < tgojj. 54 ^ 

■vfoich shows that is not significantly different fronOC” 1.5173 .;t 
at 90^ level, 

\ijhether the coefficient is significantly different from^ * 1.025, 

is tested by u^ng eqs. 12,14, 15 and 15a, From eq. 15a, t_ = 6,406*' 

But t„^ . .o = 1,4759, Hence t =\ t g,' „ , which shows •feat 

90^; 5d.f. B 1 / 90%; 5d,f,' ■ ! 

B^ is significantly different from = 1,025 at 90% confidence level.- 

Further, from eq, 11, the value of correlation coefficient, r *0,6795. 

But r_--, “ 0.754. Hence, the value of r is not significant 

90%; 5d,f. ■ • ’ 

at 90% confidence level. 




Again from eq. 14, the standard error of estimate ^ 0f66^. Therefore 

regression sl'na'ta.on for the subregion’ 1 is given by 

' 1.591 , := ■ 

log 0= 0.467 + 1.591 Log or <j^2.891 ^ 40 


From eq, 22, -^e 90% confidence bands are given as 
Prob ( ,2350 A^^'^^Q<.'35.56 

All the above results sre dibwn in Fig. 7* 


Whether the coemcient A 4 is ^gx^fiGantOy different £poni(^l^J33 tested by using 
eq.16 with the help of eqs. 11 anfl 12. From eq. 16 , t^^= 0.3718. But U^'T 



mBLl -8. RECESSION AiaLYSIS BETWEEN AVERAGE ANMI&L M?NSOON RUNOFF AND CATcm^NT AREA 

(subregion 4) 


Av!'%nndal monsoon discharge, Q 



100,000 


6539 


Q= 2049 Ad 


10,000 


Q =119. 3Ad 


I t 


-'f, A 




V; Catchmedl"arW-m •• ^ 

FIG. 9 REGRESSjPNilRELATigt^SHIP M:S'4 WUAt 

DISCHAR GE'.: AND GATCHMENf /ARE A CS'CiVe'g(oW4:4) 
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Hence, t / -p ^ which shows that i». is not significantly 

different fTOiiiC^= 1.5173 at 90^ level. 

Whether the coefficient, is significantly different from ^ =1.0E5, 
is tested by using eqs. 12,14, 15 and 15a. From eq» ISa, to =0.50. 
Hence^ tg^^ vfoich shows that is not significantly 

different 1,025 at 90^ level. 

EUrther^ from eq. 11, the value of correlation coefficient r®0.4528. 

But r “ 0.878 .Hence the value of r is not signLficartb 

«t 90% • level . 

Using eq# 14, the standard error of estimate, Se = 0.7530. Therefore 
regression equation for the subregion 4 is given by, 

0.6639 

Log 0=2.0767 + 0.6539 LogA^ or> Q= 119.3 .,v42 

From, eq, 22 the 90% confidence bands can be estiigated as follows 
Prob(6.945 Q<^049 = 90% .................... . 43.^ 

All the above resiolts are also shown in Fig* 9, 

4.2.4 Discussion of results; fhe re^ilts from subsection 4,2,3 
indicates that the relation^ip for subregion 4 is not significantly 
different from that for the overall region, Tijiiile that for the only 
other subregion, i.e, subregion 4 is significantly different .Hence 
the relationship for subregion 4 also are derived from its own data. 


The results are given belowt 

1.591 


1.591y / 1 

Subregion 1 j Q= 2.891 A^j 1 >', Prob(.2350A^ ^ Q ^ 35.564^^ 

» 90% 

1.6639 ■ .6539. .6539, 

Subregion 4j ^119.3 , Prob (6.945 A^j / Q X 2049 ) 

= 9C^ 


1.59- 



3.39124; X e 2,02985; 0,00008 -0.00002 1.7390 5,2303 1.6730 
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3 RELATIONSHIP BETWEEN PEAK DISCifiRGE AM) CATGHMlKr ABS&, 

4.3.1 General: In this section, the average annual dlschai^e 

, data corre spondirg to the catchment area are pl<^ed on log-log graph 
sheets. The average annual Peak dLschaige are ploted along ordinate 
while, the catchment area are pl^ed along abscissa. Tabular chjirts, 
similar to 3!a1al®s-6,7 and 8, with slight modifications i.e. eoJLumn 3 

should indicate average annual peak dischaige data and eolmna 5 should 

/ 

indicate logarithm of average anmal peak discharge data, have been 
made for overall region and for the subregions 1 and 4 re^ectively, 

4.3.2 Analysis for Overall Region; The data and calculation for 

the overall region are ^own in TciaP»9. iTom. -9, , the following 

result s can be obtained 

X = 2.02985; f = 3. 39124j =1*'7390; {/1 y)^»5.2803j 

(A = 1*6730. 

Hence from eqs. 9 and 10, A= 1.273; B= 1.044. 

Whether the coefficient A is significantly different from<3(^*0, is 

tested by using eq. 16 with the help of eqs. 11 and 12, Ercmi eq.16^ . 

t 13 .56, but tQ/«.(jr infl f* ** 1.3722* Hence t \ ,/^J >> > 

t V 90 %; lOd.l. Jl / 9 pcg. lOd.f.' 

which shows that A is significantly different ffoniC^= 0 at 90% 
confidence level , 

Whether the. coeffi cent B is agnificantly different from^=0, is tested 

by using eqs. 12, 14, 15 and 15a. ITom eq, 15a » tgi= 1.517, Hence 

^ rf -ir^q r > vhdch showai that B is significantly different 
B / 90%} lOu-eXa 

from|S= 0 at 90% confidence level. 


LiBRARY 


Acc. Mo. 


• « Mi 'Mi 
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Birther, from eq. Ilf the value of correlation coeffioi»iit 

r= 0.5878. But ^ * 0.576, Hence the value of r is significant 

at 90^ confidence level. 

Using eq 14, the standard error of estimate ^* 0,5851. Therefore 

regression equation for the overall region is given by 

1 »04i 

Log 001 = 1,273 + 1,044 Log A , j or Qm * 18 .75 A. * ............ 44’ 

u d 

from eq. 22, the 90^ confidence bands can be estimated as follows: 

1 #04:4 X ^014 

Prob ( 2.058 ^ Qoi^l70.8 A^ * ) » 9056 45 

All the above results are shown in Hg, 10. 
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4 .3 ,3 Inalysis for Subregions. 

4.3 .3.1 Subregion 1. The data and calculations for subr^ion 

.lare given in Table IG. From Table 10, the foUo'imjag results are 
obtained * 


X= 2.07957; Y « 3.5803;'^AX = 0.8903; =2 . 9170 .56658 , 

Hence from eqs. 9 and 10, A. = 0.3133; B = 1.570, 

Whether the coeffcient is significantly different fromoC® 1*273 is, 
tested by using eq, 16 with the help of eqs. 11 and 12. From eq. 16, 

V* 5d.f. = 1*4759. Hence t^^ <;^ ^90^ Sd.f.' 

Tillich liiows that is not significantly different fromoi(.= 1.273 
at 90^ confidence level'. 

Whether "fee coefficient is significantly different from^* 1,044, is 

tested by using eqs. 14, 15, 10 and 15a. From eq, 15a. ,t = 0.6324, 

% 

cj ^ ® 1.4759, Hence, tv, / t c ^ > which shows that 

905&; 5d.f* ' S, 90^; 5d.f. 

is not significantly different from^= 1.044 at 905^ confidence 
level. 

Further, from eq. 11, the value of correlation coefficient r«» 0^6644; . 
but r^Q^g, 5<i,f«“ 0.754* ifence the value of r is not significant 
at 9056 ccttifldence level* 


Using eq. 14, the standard error of estimate, Se® 0.5569, 

The relationship between the aT?erage annual peak discharge and the 


area 


catchment ^nd , 905? confidence lands have been derived in Sec. 4«3,2 

Therefore firom eqmtion 44, the regression equation for the mbregicm 

1.044 


1 is given by 


qpi * 18.7 5 & 


' 44 , 


and hence, the corresponding confidence bands at 90^ confidence level 

1.044 

X ’d 


from eq. 45^ Prob ( 2.058 ^170.8 90^ 


45 '^ 


m M p 
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\o5S*3d f * shows that is not significantly 

dilfei*ent from 1.273 at 90% confidence level. 

■Whether the coefficient is significantly different from0C^*l*044 is ^ 
tested by using eq.s» 12, 14, 15 and 15a. From eq. 15a., tg “ 0.16S1, 

^90%j 3d.f." ■^90%; 3d.f .> shows that 

is not ^gnificantly different fvomj^^ 1.044 at 90% confidence letr^. 
pUifther, fi^oni eq., 11, the value of correlation coefflciettb., r * 0..7252. 
But 3d.f. “ Ifence, the value of r is not significaHt 

at 90% confidence level . 

Using, eq, I4,standard error of estimate, rSe= 0,5769. 

The relationship between the average annual peak discharge and the 

catcdment area, and, 90% confidence bands have been derived in Sec.4.S,2, 

therefore, from eq^ 44, the regression equation for the subregion 4 is 

1.044 


given by, Qm « 18 .75 A 


, and hence, the corresponding 90% 


confidence bands, from eq. 45, 


Prob ( 2',058 A 


1.044 


Qm^ 


1 . 044 ^ 
170.8A ). 

d 


4.3*4 liLseussidiin of Res\alts; Ihe results in subsections 
tha't the relationdiips for "the subregicais 1 and 4 are not 
different from that for the overall region* Hence the average* annual 


flood peak in the region can be estimated fTom the, equation,., 
'd 


1,044 ' 

Qm = 18 ,75 Aj j and" the 90% confidence in'teirval is givett by 


■the equation 


prob (2,058 A 


^ 1.044^ _ 

/ i>n / 170,8 A^ ) - 90%. 


-d \ 

It may be no^ted that the confLdenee bands are rather wide. In case data 
for more basins in the region are available, it may be possible to 
reduce the width ofthe confidence band and have more reliable predictions 
for basins without data. 
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CmPOER - 5. 

SOMMkRT, C0KCS[4USI01ilS IKD ajG(SSPI0N5 K)R THE FUTURE STODT. 

5.1 StJMMiRTi Hsrdrologie data are generally available oBOy for limited 
iKUEber of basins and for limited time • Ae the soil and lendf orm are 
Dwalded by the environment' and paifeicuLarly by tbd" N hydrologi® 
cytrle it is logical to expect ' dose relationships, within gOoaoridielQgic 
character4*stios of liie bas^ aiit',i'*b®twTOn tiie lydrologie dharacteniatiea 
and geojDorjdiolo^e characte^btics of the basin, Ibr a region in North 
v India data fbr -stream leng-ttij ^ /'■*« . ^d the catchment area, 

" . , - ^ , are avtdilable for 0 basins and are distibuted 

' , ■/ '' , ' 

over f<^ shto^gioas-. It is found "ihat the general equation of the 

exponential form can be fitted between the stream length and the 

basin area, nanely , A = C » \iiere C and n are empirical constants 

d 

and were estimated from data. But the coefficients are different for 
each subregion. The 90% confidence levels w®re also derived for the 
above relationsldps , 

The lydrologic characte replies considered in this study are 
i» the average annual monsoon runoff, Q, for Ihf fe§sii%sai 

ii. the average annual peak flood, (^, f.ji <v>. for ftebasin,; It 

■ ' \ i ■ ■ ... ' ...." 

was found that ejqjonential relationships can be derived between the 

S 

above hydrologic eharacterestics and the basin area, namely, A- ,and 

A6 

Qm * p A V 'itere R,S, p and q are ei^irical coefficionts 'estimated 

' . . d • 

from data. From the limited data available it was fot^ that R ax^ S 
varied from subregion to subregion, while, p and q were constants. 

The 9C$ confidence levels for the above relationships also have been 
defined. On the basis of available data the above relationships c£- ' 
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be used for predicting the average annual monsoon, runoff and the average 
annual peak flood for the basin along with their respective confidenee 
intervals# 

The results are valid only for the regions for vdxich they 
have been derived# Hbwever siittLlar relationships can be (feriisd . for 
the other regions as well, and ussd to estimate the streamflow and 
floods in basins wilh ibit<iiC$Grte data. 

5,#2 OOMOSEOUSt , 

As the soil and landform arr^ moulded by environment and 
particularly hydrologic cycle, the hydrologic characteristics of the 
basin and ^ciiOTphologie character istica of the basin should be closely 
related. Hence vhen hydrologic data are scarce it may be possible to 
establish such correlation between the hydrologic data and geomorj^lcgic 
data and us© it for estimating hydrologic characteristics of basin 
with limited or no data# It has been seen from analyses that relation-* 
ships between the i. geomorEhOlogic parameters and ii* geomorihoiogi# 
parameter and hydrolcgic parameters are of the exponential form. 

5.3 SOGGBSTIOH IDK THE FGTIBB SrUlirs 

W ■ ■ 

The scope of the present study ijs limitad by time and 
availability of data. On the basis of the present study there is 
scope for farther study including the followings 

i. using a 1 inch » 1 mile toposheet,^ geoaorphological parameters 
can be evalxiated and eorrelated among themselves and with 
appri^iate hydrologic characteristics. 
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!!♦ Other hydrologic characteriatics, includirg sediasnt, groundwater, 
etc* oan also be considered, and 

lii* The i*esults of stu<^ may be usefbl for identifying ge<^droXogieal. 
regions. 
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